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(57) Abstract: 
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PURPOSE: To provide a non-aqueous secondary battery that 
has an electrical plateau potential in the 4 V region nearly 
equal to a lithium cobaltic acid battery and has a high energy 
density, and is excellent in battery properties such as safety, 
cycle characteristics, and high temperature preservation 
characteristics or the like. 



CONSTITUTION: The non-aqueous secondary battery 
comprises a positive electrode containing a positive 
electrode active substance added and mixed with a lithium- 
contained complex oxide having a layered crystal structure 

that is expressed by a general formula, LixMnaCob02 (wherein. 0.9&lt:="X&lt:=="1 .1 0.45<="a<=="0.55," 
0.45&lt:="b<=="0.55," 0.9<a+b<="1 .1)" and either one of lithium cobaltic acid or lithium manganate of 
spinel type, a negative electrode containing a negative electrode active substance capable of insertion and 
desorption of lithium ion, a separator separating these positive electrode and negative electrode, and a non- 
aqueous electrolyte. 
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A] 

£ 1^ Li-Mn-Co5^1 -tP^l-CLi xMn^CObOa ^7}^^ 2ll-(LiCo02 )^ ^7}^^ -g-^ ^ ?i 

H 2^ Li-Mn-Co^l 4^ 'il-SH-CLi xMnaCObOz ^^l-i^fe "g-^L^-a- B^-g-CLiMnzO^ )Sl ''^^ -8- 

BIC]^ 9MS^, ^Ifl ^^J-E^ ^Cfl^ ^Xl-. -i-Al 7)7l ^ofl Af-g-S)^ o] ^ 

^'■•a- U-el/]- 7>^^V B£fe fViii -g-^ 1-^1: StH^ Hl#(LiCo02 ). i^^^LV E^frC 

LiNiOa ). "o^^^-a- e]f-(LiMn20, ) f-^l e^f- ^-B- 4^ -y-s^l-* <y:^ sj-fe e^f- o]^ ^x]^. cflasjfe hK- 

w1t= ^l^Il^ o]^} ^^]3] o^^. ^fl^oll A>^£]^ ^-B- 4^ -y-sj-l- Bl#(LiNi0 2 jl-g-^olEl- 

^^1* ?>fe 'LV'S'^l -Jl^^^ol ^31 1}-^ ^<a-ol ^cffe ^^o] o;[7l nfl^oll S^^H^l e^#{LiCoO 2 

o] tgo^^cf^ §.^fl7V ^Sic^-. asv, oj-^VAV 5l#(LiMn20, )^ ^^'^l -^-^-sfi^ <g7fol:a., oy^A^o] ^^j^ 
^'S'^l 'HlMxl tgi?} ^o> ji^oflA^ Dj.^ x|.^fl7]. -g-sfls)^ ;g^ol 0^7] nfl^ofl s^eaV slf-CLiCoOa 

o] ^oi^cffe ^7^7\ Si5icf. o) nflg-ofl. ^^tflojlfe el# ^-fi- -a-^^S. s^H^ el-i-(LiCoO 2 )* ^\%^^ 7h^\ 

ZtE^u} S^eoll^ ^el*?!^ LiMPO^ (M = Fe. Co -f-) £^ 5 LiNi 0.5 Mni.5 0^ ^Sl ^fl- oi. 
-77]- ^^51<H ^Hlcfl ^«fl^ ol^V ^;^l-g- ^4^J1 ^H^M-, <^l-i- «-^^ 

^i'a-ol 4 5 VS. ^71 .nfl^<Hl ^;<1121 a]^ ol^V ^xjoi] A>.g-5]^ ^7] ^Sll?«2l M1?i^(&3fl 
aWTfl €4. "fl&ofl. ^tjj-^ofl 31?!: f\c\^ ^^7]- -a-71 -i-Sl cf^- ^^1 ^S* ^^^^ 

"oi-^ 4^ Wl-^ IJ-^i -8-^01 ^ ^^"^1 HJ-^ ^1^<»1 4 V 3 V <^^^S- 2?tS)-s|-fe- ^^ol ^Jl, a?!- 

H4fe ^^17> 5Z5ilt4. ^S. 3 V <^^<^1A1 «o'-^iSl7l nfl^ofl ^^11 ^-g-s^-^ 4 V <=g^-i- AV-8-*Vte- 
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'=>]^^*J: u||^<^)A^ f^^v Li-Ni-Mn^l ^s^^iLiWi 0.5 Mno.5 O2 )A ^]'^^^n] '^l ^S-g- 

^•■fe Li-Ni-Mn7)l -a-Si-l-CLiNi 0.5 Mn^s O2 )^ 4 V #efl£ (plateau)* 7)-^ j;]- -f-Alo]] ^^1^ vij- 

^1 -g-^S. 140 ifl^l 150 mAh/g5- »]^^ ^3., ^^0} <a=^ 1-^ -f^tb ^7) nfl^-ojl <^ 

01^ ^d«ll^ o]^} '3=^ 1-^ ^s. ^ -R-'g-AisiTfl sl5ic^.. 

OLe-m, olel?]: <a=^ ;(|lS(LiNio.5 Mn^s O2 )fe 3i7]9] f^*JJ-^ jL-i-o] 80 '^^1 90 %S. ^JL. JEtb M^^-j- 

?}-^. 3 V^2j ^2:* ell— 'J?}- ^5j-#(LiMn0 2 )<^1^1 LiMnOz 2j <a-¥-l- Al, Fe. Co, Ni. Mg, Cr 
f-o.5L :^1«-Sl-c«l. LixMnyMi-Y O2 0< X<1.1, 0.5<Y< 1.0) 0.5. JL-& ^^io] 7^^^ el# ^\ 

'U^ ^■^ ^-4 2001-23617^ ^^<Hi 4<iys\^^. o] ^7fl 2001-23617^ ^^^] -49}^ o\^} 

°J-?><L> B^l-diMnzO,, )<^] e|#(LiCo02 ) M^^lV elf- (LiNi 0 2 )# ^7}^^S.^] "ch^'t!- 

293538:^ ^Jiofl :^lo).5]o1 o|c)._ ziB-m, ^*l-^7)) 5g9-293538J: *a.<Hl ^l^V^ «o'-'a^l^l£ "cJ-^-i]: £l#(LiM 
^iKd^ ^ Sicf^ €->H]7l- 5asilcf. 

^211^1, ^ ^^^^ ^^1* si)^5l-7) oi^o^^ s^B<L> ell-il- Tls) -g-f-fV 4 V #eflS 

^i^-i- 7}^^ oIlM^l ^£7]- 91^^^, AH-t S.^ ^^1 ^^go)) ul==^ 

AV7I ^-^4- "S^^tyy] -g- ^igS] ul^ ^sfl^ ol^l- ^^Aj LixMnaCcOzC^. 0.9<X<1.1. 0.45<a< 

0.55. 0.45<b<0.55, 0.9< a+b< 1.1^ ).2.^- S^l^lfe e]# ^-^ ^^-g-ja}- ^LtB^V e) 

el7]- 7)-^?!: -g-^ #A^ ^-B-sVfe -i-^. o]« "3=^^ -i-^l- ^elsVfe >^ii b| efl o] , ^ a)^ ^isfl^* i^^tcf. 

sj-SH LixMn,C0b02^- a^l^lfe Li-Mn-Co^l ^^ ^-B- 4^ 'il-^#)s1 a ik ^ b iks] ^^7} 0.45 

ifl'^l 0.55(0.45<a<0.55. 0.45<b<0.55)«a "flfe I'g a -NaFeO 2 ^ T^^Ca-^V^^ ^S)S.a-1, l 

iCoOzSife LizMnO^S] s]3.^ ^^^^] U:^. ^°d^^<=>]7] nfl&^Hl ^^o] <^o]^z^_ a ik ''A b 

^^71- 0.45 tflTi] 0.55* a^Vefi^ LiCoO 2 ^ LiaMnOaS] 3lH7> ^^^^^^l 2^ o]^s] ^2i7} ^^^d ^r-^d 

^ '^^7H1A^ 2^t2l-£lfe ^^o] ojcf. £tt>-, a ^ b Sitfil ^^7]- 0.45 0.55^ nflfe -g-^. -i^^i 2}-^ 
^l<a-. ±7] Jl^o] ^a^^ ;gj!H. ^ ojojcf. 

•^l ^-^o\], LixMn^CobOzS. JLaIs]^ e11- 4^ -tVSl-l-s] a St ^ b Slr^il z^-^l" 0.45<a<0.55, 0.45< 

b<0.557> £)£3. ^j2.7). olcf. ol ols]- ^o. ^V^ Sj-^l-g: "o^-^l-^V ell-S)- 

7] nflJfoi] LixMriaCObOz^- S^l^fe ''^^ *^Sl xS] ik^ ^oj-o) 1.1 ^£7!- *}-£olcf. IL^. «3=^ #a^ 1-^^ 
^J-efloflAife ;Hl^Al2l ell-^ol %A^ S^'LMeVfe JLeIb)-^ xS) ^<H£ o.9 oj^v^ 
^^tyt]-. ZlZ]S.si xSl S)t-8: 0.9<x<l.l<sl l-^^sl-fe- ^^1 ^V^^!*}!^. 
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=L^JL. Li-Mn-Co7^1 ^^ <+5]-l-(LixMn,Cob02 )<Hl S^m-it elf-CLiCoOz )<^1 l-^t- 

^ uln- ^611^ ^^l<HlAlfe a^^B^iV ^cfl^o]) nj-ef tj)-^i -i-^o] f^cfls)-::; a7|s1 ^wj-x} ^.-^v^ 

^*V, Li-Mn-Co7^1 ^V2|-l-<Hl a^B-tV el#<^l ^7]-^ i§ #^-6: Li-Mn-Co^] ^^^l-JicfS 

^-a: 'i'-^i -g-^* ^ a^V. Li-Mn-Co^l ^^ -iPsj-l-'Hl ^^l^i^ elf-o) ^7}^ °ot^ -1- 

#<H1 el#(LiCo02 ^^A^ wl^ °]^> ^^Ife Li-Mn-Co^l ^Vs}-!-^ ^^-o.^. Aj-^t!- ^It^ 

A). el^o| ^7V^^ 40 0)^0.^. t}^ 5J0] Hj-^ajsl-cf. 

^V^, Li-Mn-Co3«l] -iVSH-ofl nj-^Aj el-i-(LiMn 2 0, )<>] ^7}^ H)^ o]^} xl^joflA-lfe y-Mn 

7> ^^flojj ^gflol] 7lo]*V 71-i. ^^S^ ^S)^^ o^V^VAV e^f-o^ :a)7>^ol ^7}^o\] ttj-sf cfl^ ^7l-sl-0:l >l3l-a^ 

ol^J-a- "o*-?!-^ ^^^^5.^1 Li-Mn-Co^l -tVsl-^Sl -y-^A^o] ^A^^ -a-^im <^l-B-fe €^11 A] 

^cJl^'^l i4e} »o^^ 2.^ °^A^ ^7]-^ol 40 ^o]:^]^ 7}±i ^^8'^] 



^-^-<H1 0.4<B/(A+B)< 1.0^ ^^7} s)£.s. elf- 4^ ^Vsj-l-s)- s^eaV el-i-^ ^7>5l-ocl ^Ij-sl-'e ^A^] 
vi}^^S}JL. Li-Mn-Co:^ 'i>S|-#(el# #-B- A^- sV^i "J-?!-^ elf-s) ?i 

^■i- c^- *v ^4-<Hi, o< c/(A+c)< 0.421 ^^7} Ei# ^-fi- -a-si-^^ -a^ bii-^ ^71- 



neli, Li-Mn-Co7^1 ^2^1-<H1 olf' ^4i(M=Al, Mg, Sn. Ti, Zr)* ^7\t}31 o] aJ-^-I- <a-¥-» olf"- 
^±:(M=A1. Mg. Sn, Ti, Zr)S. ^l^Sj-o^ Li xMnaCobMcOz (M=A1. Mg. Sn, Ti, Zr)S. jl^ ^^1 

-g-^ -B-^l^o] ^1=^1-51^ 5}* <^ ^ SlSi'^f. Li-Mn-Co7i] ^^ -ttsl-* <a-^l- Al, Mg, Sn, Ti, Zr o] 



o] Al, Mg, Sn. Ti. Zr -f-s] ^i:Sl 3:A^u1{*1^^)7> 0.05(c=0.05)1- 2i3)-5l-^ ^^7)- 2^ o]^^] 
ilfe M-El-ifla^ o]^- Sl^^ol ^iq-^lTfl ^o>^^l^ ^Efl» -fh^lSl-fe ^©1 ^f^aJlx^A^ 5l-Br ^^^]3] 
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■e-^ -n-^l-i: ^ ^7) f^aj-^ jg^o.o] xl§l-^c|.. nelS-S.. Al, Mg, Sn, Ti, Zr ^S] ol|t ^^ts) 3:^^ Hl(A]^^)fe 0.0 
5 ol5l-(0< c<0.05)5- # ^^7)- Sicf. a^. olf^ Ni, Ca, Fe c)-^ ^i<^l cflafl-^iS ^S^^)?}-. o) 



ziz]S.sL LixMnaCo„Me02^- S^lslfe ^1^^ Li-Mn-Co^l ^si-^i^]^^ el# ^-R- ^-^ WiO-^ 

0.90^x<1.10. 0.45<a<0.55. 0.45<b<0.55, 0< c<0.057l- ^-l^M -^-^l^fl ^l* ^iii{M)S.fe Al, Mg. 

Sn. Ti. Zr ^^}=. *}^^'^'\ 9X^. 

B^?!-. 5l-*»-ii LixMn^CobMcOz^- JL-^l^lfe ^l?!-^ Li-Mn-CO^l a+b + c^ 21:^ '^^71- 0.90 "^l^l 1. 

lOS] '^^Hlol'S -B-^l*l-fe ^o) 7f^tt SiSicf. tb^, a+b+c^l sJro] o.90 lH^I LlO^l 

•S^* i^«l-7)l s)^ X'Jd 3)Holl>«-i LiCoOgafe LiaMnOsSi 3t|H7}- #>^5s|<H 2^ «1^2l ^3:31 

<a: S]-*?-^ LixMnaCobMcOz 5. ^l^^ Li-Mn-Co:^] ^V^l-s] a+b+ 

c2] ?Jtol 0.90< a+b+c<1.10ol ^]2i^ ^^7> ^cf. 5E*!-, a, b2^ 2:^JhH] cflsflA-]^ o.9< a/b< 1.1^1 •g^ 

S) i-^^HlJL sf'S IJ-^ -g-^o] ^-a-S)?! nfl§-<Hl 0.9< a^< LIS] ^4^^ a::^jHl7> SlS.^. ^>^^srfir ^J^l «1-*e}-^ s)"'^. 

^<4-s}- B^#. AVS}- nj-?}, AVsj. ^^H-i- 7H^ ^c\6\] -g-5))A|^ ^, o)s.^ ^^AVsJ-g-S. ^b^+^H 2:1 :lo) s) 

^31^0^ ^^5>53c1-. olo^A-], 500 r ^S.S] o|la) cfl7l #0)]^^ 800 ifl^l 1000 X:3\ Sr^S. 

±^^^}3. Li-Mn-Co/^1 4^ -a-Sj-l-CLiMno.so C00.50 O2 )!• 'Hl^sH 1-^ a ^- sV^cf. 

(1) ^-^Hl 1 

al-af ^o) a ^ LiCoOaS. SaIsI^ ^^a) 80:200] SlH^. -J^efo:! 

^IrJl o) oj:^ ^^A^ ^;go)l i^;«fll- al^(oill- -f-^. ^g^a) 92:5)5. ^7]- 



ol^lA^. o] 'S-^K'^l* *<H. S^i^l-Sf nlH€->^> ;H]^2] Dl]7>ii-^f^ (Mechano-Fusion) 

<9-^1(AM-l5 F)) ^^el-^cf. o)^^ d)]^ ISOOs] 2)^^(1500 rpm)S. lO^^V ^l-f-A],;] ov^. 

^^IV ^. o] <^J=^^;H) 1:41 4^^]^) ^^i-;*!)!- "^^^V al-i-(oill- ■i-'^. 97:3)51 

^. i^'js; «a-^SH <?J=^# olfi). ^ol t}<^ oj:^.g. IS] o^^ al5- SV^ 



(2) ^Al^il 2 vflx] 4 



-y-s*} a i!)- s^tB^V ell-^ ^^m] 60:407> s)5E.^ ^^el-<*i 'a=^ l"^^ #^ 

5J ol^-lfe Aj.^*v .g-o^efTfl ^Alcil <y:^ a25. sj-^cf. d|.*1-71-x15., 

1-^ a ^ s^S^V e]#^ ^^H] 40:600] "^^^ l-^S t^ ^ o]p.1^ a^-^-jq 

^Hl m -i-OaBl-Tfl el-O^ <a:=.^ ;m^«]-jl ^Alofl 3S] 330.5 *l-^Cf. n].^7M5., OJ:^ §A^ 1"^ tt S+ 

B-tV B]#-i- :g^Hl 20:800] SlS.^ <9=^ 1-^5. 5! olS]fe >S-^t!- ^^lo)] m •§-<asV7]l t}<^ 
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(3) ^Alo|] 5 vflx) 8 

a).<2f ^o) ;ifl2:^ <y=^ 1-^ a J)-. LiMngO^ ^S. S.^]s\^ "J-^V-y- e)-g-l- ^^u] 80:20ol 

s. ^^5V<*| <a:^ l-^l- o] oj:^ ^^o)] Bh± ^^^^V til^(<m# -i-ol ^;^H) 

92:5)5. ^7}^}JL ^^sM '=>^^^^] ^^1- ;«il2:Sl-^t:f. o^a^, ^Ajo)] 12}. •f-'^SMl SH °<}=^* 



D>^V7|-^|S., 1-^ a 21- isl^i^ °o'-^<J- ^^al 60:400] ^^^H ""J^^" tl- 

51 ^l^lfe "-^^^ ^^l"^! 5^1- ^^'y^^* ^Hl^sU ^A]o}) 6Sl <y:^ b2S sfSiiih. nf#7>xl5., 'y^^ 1- 

a 2f nJ-^VAV e^#^ ^^Hl 40:600) Sj^s. ^^s^ 'a^^ ^ olsjfe Aj-^^V ^ 

'i^ "o'-^VAV Bl-i-^ ^^H] 20:80ol 5)£S. i^sM <a=^ 1"^^- tb ^ 0)5.]^ ^Ajoil sfi}- ^o^g). 



(4) uliStm 1 



^J-t-^ ^ol oj:^ #^ a i4 ^ti t>l# (oill- 1-<H. ^^al 92:5)5. ^7>5fji 

14 :g-ol 5l.aj oj:^^ Hljaofl 1^1 oj:^ ^l^- ^V^C]-. 



(5) HlJaoll 2 

LiCoOz^. SAls)^ 5L<tS^ e|#2)- fV^ <a^^^ ^%=Hl 92:5)5. ^-^sfo] "^f^^ 

^1 l^Mll- ^^a] 97:3)5. ^^sH W^^ll- o]<Ha-1. o) oj:^^;^!!- W'^'l 

^ ^^5>fe -^o^^ ^ ^iAfl Oj.^ol] HisH ^^^m ^. 4^^S1 'a-<aS>0^ Oj:^^ 7fl3i5>^Cf. O] 

52]- ^O] sl-C^ ;^)^^ o^^^ Hljao}] 2S1 '?J=^ X25. ^VSacI-. 

(6) 3 

LiMn^O,^. JL^lslfe ^^^m ^H"^ ^^^]% 'U^^^^ ul^C'^l* l-'H^ ^^u] 92:5)5. ^%]- 

-^sHl lit ^^iTl) Hl^(OJl* ^^Hl 97:3)5. ^^Sfol <a:^^;Hl* ;«il3:S>5ji:1.. oHA^ O] O}:^ 

oj^q. oj^ofl £5L5>o^ ?i3:Al?l ^. ib^sl ^^115. "a-^l^H "a^^-i: 

3. ;^a«^ o]:*]. ^;^ls1 



el# ol^ol ^oj. ^g^^ ^ oj^ c.^ ^A^ ^Eli^Til :^^^]^ 'U^^ al#(«i|ll. -i-ol, ^^ul 98:2)5. 
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<'H^i. ^a-^^ 4 °<f^ al vfl^l a4, bl b4 ^ xl vfl^l x3<Hl el^l- ^^J-^^l- -i-^l-^H, 

uffif ^12:^ -g-^oji e;^# ^3l-*>a^ o]s. z| ^ AiJslsflolE^^ ^-^ ^-g. 

z^- els.* <y=^ £^ ^^Hl ^^5^1-^4. <?-l^J-?j) vflofl oii^^^j-H^viio] ejz^. cjofl^ ?l-Ejivi)oiE 
«■ 3:7^ -g-^H]^- -g-^'ll'Hl LiPFe* -S-^il^l^ ^^^Jl* ^^"^ ^"at}- ^. -g-S-sH -§-^<^l 500 mAhel «] 

^ ^sfl^ <il*l- ^^1 Al A4. Bl ^J^l B4 5J XI vfl^l X3^ ^]2i^}<A^. att. ^^I^l 4^. € 

<=^7)<H]^i, <^j^^ al ^^1 a4l- ^-l-g-^H ^1^^ °]^} ^^l* ^^1 Al m^^l A4S. t}5L, bl vflx] b4» 

Al-^SH ^1S€ o]^} ^^]* ^^1 Bl Ml^l B45. S>J1, «?j=^ xl x3^ >^>-§-SH H)^ ^isll^ 

c^l* l-ol LiClO^ , LiBF^, LiN(S0 2CF3)2, LiN(SO 2 C2 F5 )2 . LiPFo-x (CnF2„+i )x(?^. 1<X<6, n=l, 2) 
Sll^ 1 0.2 ^^1 1.5 l-(0.2 xfl^l 1.5 mol/l)7> vi}^^t}-t^. 



HI?}-. H5.^^7l-s.^ti]olE_ o11^^?l-s.^tilo]E^ -?-l€7Vsiivi)olE c)DlH5'>e.^v11ole, cjoJUg^j-sji 

?l- = a.i-11olBS.fe i:lDi]^7>sa.v|lo]E, c]o11^?)-^ri>-il°lB, <Hl^Dfl^?>s^v|lolE7l- n}^^^tyv]-. 



5. 

(1) 'fj-^l -8-^ ^ 2:7] f^Wj-^ £#31 

'^H'^i. -a-^^l w>2l- ^^]2i^ A al tfl^l a4, bl tflx] b4 5^ xlvflx] x3* z^z]" Af-g-sH "='1* 

^i^o.sA^ E^i- ^^^^ zj-z^- oj-g-sl-o^ c.\%%. 7^y%f% (battery case)ofl AA ^-g-sl-Jl ^1 ^i^vflofl ofl^ 

^?l-2aiilolE<4 qoil^?l-aa.i-ilolE5 3:70] ^^uls ^^^V -g-nfloll LiPFel" -g-^^l^J ^"a^H 7ll 

Hj-^fi] <lVoi ^issl-^cf. «>l-i- ^* ^^<^^\ ^^<H1 cflsfl 4.3 V71- ^ afl^vx] t-^l*>:^i tV 

^Vc}) xi^ofl cH-al-o:] 2.85 V71- * nfl^7).^] wJ-^a]^ -g-^# ^sl-^c]-. a]^ ^ z]- oj:-:^ gl HI 

'^l a4, b 1 b4 ^ xl tflTil x3Sl ^-^^ #^ 1 g "S-^ -§-^(mAh/g)* -il:**!-^ 5l-7lsl a lofl M-e^Hfl ^2]-7l- 

S:^. SV7l ^S?-^ loll 7l2:«H 3i7l 3l#^ ^s]-^ 5>7l fi) S 1<H1 »4E}-vfl :gj!).7]. s|ojc^.. 
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O TT 




(m A h / g ; 


(%) 






a 1 


L i C o O 2 


2 0 


14 8.4 


9 6.4 


a 2 


L i C o O 2 


4 0 


15 1.0 


9 6.3 


a 3 


L i C o O 2 


6 0 


15 4.1 


9 6.6 


a 4 


L i C o O 2 


8 0 


15 7.5 


9 6.4 


b X 


L i M n 2O 4 


2 0 


14 0.1 


9 6.5 


b 2 


L i M n 2 0 4 


4 0 


13 4.7 


9 6.3 


b 3 


L i M n 4 


6 0 


12 8.9 


9 6.5 


b 4 


L i M n 2 0 4 


8 0 


12 4.3 


9 6.4 


X 1 




0 


14 5.2 


9 6.3 


X 2 


L i C 0 0 2 


10 0 


16 0.3 


9 6.5 




L i M n 2 0 4 


1 0 0 


118.2 


9 6.6 



^17] a 12\ ^2)-<Hl^i ^"^1^ ^c-l, Li-Mn-Co^l ^VsJ-l- (LiMn 0.50 C00.50 O2 ^^^Si <y=q- -g- 
^^1 Xl^ -S-^^r ^ 145 mAh/gol:a. S^S^V ell-(LiCoO 2 )* l"^-^- ^l-§-?!- ^^1 X 

-g-^-a- ^ 160 mAh/golai. isq^a^ nJ-?}-L> elf-(LiMn 2 0^ <y=^ «->a #^5- ^^1 X3^ 

-§-^^ 118 mAh/gol:ii, ell-(LiCoO 2 )* "S^^ ^"^^ ^-g-^V ^^1 X2Sl aj-^ -g-i^o] =Lsi, d^3S\^i^ 

% ■i^-^Ll-a- e]#(LiMn2 0, )# ^-^^ #^5- Af-g-^V ^x) xS^j wj-^i -g-^<^l ^l-^H, Li-Mn-Co^l -Ll^l-^CL 
iMno.50 Coo.50 O2 )♦ ^^-2.3. A>-g-*}: xis] -g-^^ ^ f^^V^ ^ Si^f. 
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. Li-Mn-Co^l -tV^l-CLiMn o.so Coo.so O2 S^eaV e^-f-CLiCoOz )<>] 1-^^ 
Ai-g-^V Al m^l A4o)lA^fe s-tH^iV e^l-o; ^7}^o] #cfl'^o|] ttl-el- ijh^ -g-^*^! ^cflsj-ji 3^7)3] j^^^ 
^> 96 % ^j£o]jL. >|h€ xioj.^ s^EAV e^^^ Af-g-^v -§-i-5)-ji, f-^*] ^t^A)- ej-i-o. 

S. ufl^fl^ ^ Sife 5}^- 4- o^cf. Li-Mn-Co?Jl ^V^l-CLiMn 0.50 C00.50 O2 ^iSj-fl^ n^ViLV-LV Elf- 

oil nfef -§-^«l ^isrfSl-^l'LK 3l7]S] ^^^^ jL-i-H °t 96 % ^£<il Jl, S^V ^oj-^^ S^ea]- g)^^ ,3. 

ae]Jl, Li-Mn-Co^l -yr^l-CLiMno.so Coo so O2 )<^1 3.^^^ ^^o] ^7}^ -W^^ Li-Mn- 

(2) -^^ -B-^l-i:^ 



^o^#€ z]- ^i^l Al xfl^l A4, Bl ^M^] B4 ^ XI Ml^l X31- ^^(^^ 25 'Oal ^^7lo|]A^ 500 mA 

(llt)^ ^^1 ^^rS. 4.2 V^M #^5l-ZL. 4.2 V ^^^7> 25 mA o]t}7} ^ nll^7l-;^l 4.2 V ^^i 

^ ^. 10 #^l5l-Jl 500 mA(lIt)2l ^^r<H]Ai «o^^i f^S. ^i"?]-©! 2.75 V7}- ^ afl^7>;^l «o^^a1^ 4.2V-500 
mA 'g^^r -^^'a- 5J 500 mA ^^^r 1 t}^ ^^]^ ^^Jr^^H ^^}5L 1 a>o1§ 

"th^ -g-^ ^1 500 ^>ol# ^.^o. ^|.o]^ o.^^^(^^ -S-^l#(%) = (500 ^2) 

-g-^71 wj-^ ■g-%k)x 100 ^sf^ 5l-7]al s. 2<H1 q-El-Hfl ^J!j-7l- slSicf. 



(3) Jig: 



SE*!-, u].<2)- ^ol 7^)3,^ zvzl-fii ^;^i Al vfl^l A4. Bl vfl^l B4 ^ XI vfl^l X3^ ^^3^ ^^7H1a| 500 mA( 

lit) si y^fr^- 4.2 V^7}xl f^^sl-Jl 4.2 V £^ ^<Hl ^^r7l- 25 mA o] 51-71- € 4.2 V ^' ^l"?]- ^^^V 

^, 60 °C2^ ^^715. 20^?]- li^sl-^cl-. -^al zl-z|o^ ^1 ^fl^l A4, Bl vflxl B4 ^ XI i^l^l X31- 500 m 
A(llt)2^ ^frS. ^-JL ^^ol 2.75V71- ^ nfl^z};^! ao'-^^lS* "fl^l wj-^ Al^Vo.^_jfE^ ^o] mj-^ 

^ ?i2l «oi-^ -g-^<Hl ifl?!: -g-^ -B-^l#(%)* *V7lsl a 2ofl M-^l-'dl ^2i-7> sl5Jc)-. 

a*, ol^*- cl^l ^'a-^^l^ =L Al^Vo.^_«El 5]^ -g-^1: "J-^l -g-^<=Hl cfl?!- ^§Vd^ 

•g-^ Sl^#(%)^ -a-^Sl-'g 5>7lSl a 2<H] M-El-vfl ^j!l.7> slSicl-. ^Sl zVzl-21 ^^1 Al A4, Bl ^^1 

B4 ^ XI ^li^l X3S1 ^^121 ^7l-^(iL€- ^ n ^i^lS) ^'fl'Hl lilt!- a.* ^ -^-^ISI f'7l-#)^.^El ^x] 3g^v^(^cfl 
^D-i: -a-**}^ «1-7l2l S. 2o\] q-El-i^ ^21- 71- SlSJcf. 



(3) H}:^ :2-8r 



5E?1-, «]-2l- ^ol ;^il^^ zl-zl-oi ^^1 ifl^l A4, Bl iflT^l B4 ^ XI ^^1 X3# ^-B:^ ^^^HIa^ 500 mA( 

llt)^ ^i^f--?- 4.2 V^^V^l -?^^5>ul, 4.2 V £^ ■^•Hl ^^r7l- 25 mA ol5l-7> ^ nfl^^W 4.2 V ^j^-JJ- ^^SV 

^, ^d^y-o) 2.75 V7> S nfl^/>^<:l Mj-^Al^ ^, 60 "C^l ^^7]S. 20°^^ SL^^"^^. iL^ ^S] z^^Sl ;gxl Al 

A4. Bl B4 ?J XI X3* cfA] f^wj^^^iAl ^^j wj-^ a1^o.^..^e1 -g-^* ^sf^l M.^ ^S] -g- 
^0)1 cfl^V «1» ^S>al -§-^ -y-**}^ Sl-7lfil S. 2o)l q-El-HH ^31^7} S\c^t:^, S^. Z^^^l-Sl ^ 

^] Al Ml^-l A4, Bl uH^l B4 ^ XI Mlxl XS^I ^7)12] ^7l-^(.e.^ ^ ^-^ ^^]^ ^^1<H1 cfl^ ^ ^^l^l f^7l-^) 
S.-?-E-l xi;^l ^^V^(^cfl^l)^ -tt^sl-^ 5^7121 a 2ofl i4El-va ^S^7} SlSJcf. 
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^^1 


500 ^o]^ 


1 4.2V ^S- ^ 


2.75V 


-n-^l^(%) 


U a /nr \ 


(%) 




(%) 


A 1 


7 4.3 


7 3.4 


8 3.7 


9. 4 


9 3.1 


6. 6 


A 2 


7 7.1 


7 5.6 


8 5.9 


7. 9 


9 4.6 


4. 9 


A 3 


8 0.6 


7 6.1 


8 6.4 


7. 6 


9 5.7 


4. 6 


A 4 


8 3.1 


7 7.0 


8 7.2 


7. 4 


9 6.9 


4 . 4 


B 1 


7 4.0 


7 0.1 


7 9.8 


16.4 


9 0.1 


2 2.4 


B 2 


7 6.8 


6 9.4 


7 9.2 


17.1 


9 1.9 


2 8.6 


B 3 


8 0.3 


6 7.3 


7 6.1 


17.3 


9 3.4 


2 9.4 


B 4 


8 3.5 


6 6.5 


7 4.9 


17.2 


9 2.7 


2 9.7 


X 1 


7 1.0 


7 1.3 


8 0.9 


14.6 


8 8.4 


11.3 


X 2 


8 5.3 


7 7.4 


8 7.4 


7. 3 


9 9.2 


4 . 2 


X 3 


8 4.9 


6 5.1 


7 3.4 


17.4 


9 3.1 


3 0.3 



^,}-A S. 2iA ^54<^i^^ -S-'^?]- ^o], Li-Mn-Co7fl (LiMn o.so Coo.so O2 )^] S^^H-y- Bl#(LiCoO 

2 ^7>€ ^-^1 Al ^^1 A4e Li-Mn-Co^l ^V5H-(LiMn 0.50 C00.50 O2 )* ^^-^51 A>^t}- ^i^] XlJicf?. 
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Li-r4n-Co>^l ^K«)-#(LiMn 0.50 Coq.bo O2 )<Hl ^sj^i^ nV^VA} (LiMngO, fi^j-si ^Jx] bi tflx] 
B4oll-^]fe Li-Mn-Co-^) 4^3- tVS^^CLiMno.so C00.50 O2 )» ^}-%-^ XI a.c+£ 500 Aj-o)^ ^ 

^> n'V^l-i:^ tfl^ J-H^^if -§-Aloll 2.75 V #^^1^1 60 °C5- 20"^^ ^^^1^^ -g-^ sl^^-i 7ll^£l x) ij]-, 4.2 V 



^1^^ ^-^"-m "o-i^'^t e)f-gr o^^o]] si*!- ^Sfl^JlSl -a-^l-Ajol 2.7|.£)^ 5jo)l ^71- 5H uJ-^V -g-511 

^^^^(71-^- ^^^5^)0] ;;-ls:>sl7l nfl^o)] ^3^^^^ ^g-^VA]: elf-21 ■^7>^^ 40 iLcl- ^?fl sffe ^o] 



^ BS. ^- '"^l-^-oil, 0.4< B/(A+ B)< 1.021 ^^7} el-i- ^-^ ^iVsl-l-sl- StH^V e)l-a: ?l7)-5f<sl ^ 

I'j-sl-^ 5!<^1 HV^i-sis)-:;!, Li-Mn-Co^l 4^ ^S)-l-(e1-g- f-fr 4tJ- <L>5l-l-)sl AS. t\3L >i3ll^ 

AJ- 2lf-24 CS ?V 0< C/(A+C)< 0.421 ^^^7} S15.S. el-g- ^-B- 'tVsl-l-ail- iJil'-a^ '?}-:f}-AV 



6. <?]:?lA^i'-l ^.S. 



<^HA^. ^i^:^ Ml-sf ^o] 440^ ^x] Al 1-11^1 A4 ^ XI, X2» A]-^S>o^ 0]^. ^x]3] 'JV^a^o)! cflsflA^ 

*l-5Ji^. 4-41, ojl- zl-z>-2| ^x] Al tfl;^) A4 ^ XI. X2«- ^^^(21= 25 'C)3] ^^7]ci\]-^^ 1500 mA(3 It)2l -f^ :5l^^r 
i?- 4.2 V71- ^. l^^7>xl f^^sl-ja ^^Ajoll OjS. ^;^]o1] :^>3l-^ 6}-^ ?f a7> -^3}-3:ffexlo^ 7^^^ ^;^3:l.ojx:^ gi^^ 5O 
0 mA{llt)2) t-^fl >^ff-i?_ 4.31 V7l- ^ afl^?)-^] aff^Al^ 5).^ ^1^# 160 "C ^ 170 "CSl ^41 7] ^c,\] Ji^sH .S-^^ 
^l"^!! <^l ft ^^1-^ t.a7> -g-^j-eVfe^^lfil Tjl^^ ^>gg).^cf. ole^^ :g3l-# Sl-7121 S. a-Hl M-Bl-vflcl-. 

oVx^ ««H T> :g-a]-&Vcffe- ^.fi; ol xlxl^ Ola] olAjeV Aj-tflofl ^c^^ oj^ ^.g. ojnl^cf. ol<Hl uflsH. <i}-^i "l-!i7} ^ 
<'+s|-^l ti'^^}^ -a-?!^- 5J2I- ^-S: ^'-^ sHl^iS o] ^x]^ o>3j ov^sl-cf^ 51 # ^-El-^flcl-. ul-el-A^, S 321 
?i ^A^', 160 °C2l <i^^^, 170 'C21 <1#A^2] ^S.2^ ^xlfe Al^ xixl^l TJJ^^^I- i4e1-i^i^ ^x>fe ^Vxl tL7f -i-aj-*l- 
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^^1 






1 0 U V-/ 


1 7 0 






A 1 


L i C o O 2 


2 0 


2X3 


3/3 


2/3 


A 2 


L i C o Oa 


4 0 


2/3 


3/3 


2/3 


A 3 


L i C o 02 


6 0 


2x3 


3/3 


2/3 


A 4 


L i C o O 2 


8 0 


2x3 


3/3 


1/3 


X 1 


m 1=1 


0 


2/3 


3/3 


3/3 


X 2 


L i C o O2 


10 0 


1/^3 


2/3 


0/3 



^•7) i£ 3ii| ^^i4-5.ifE-i tV ^'^1. Li-Mn-Co?il 4^ <LVsl-#(LiMn 0.50 Coo.so O2 )» ^^-^sL "^^^ * 
A>-§-fl- ^x] Xl-ar atBtl- 3^#(LiCo02 )%: ^^-^3- <^}=^ #^5. A>.g-^ ^;^] X2o)l ulsfl -g^j <J1:;^j>aol 
^^■^o\ SiJi, Al-g *l-fe <;! .acffe Li-Mn-Co/^1 4^ ^V^l-(LiMn oso Cooso O2 ) 



7. LixMn,C0i,02 £^151^ a^t. bSt ^ xStsj ^S. 

LivMn,Co„02-^- a^lslfe Li-Mn-Co^l 4^ -ttsl-SSl agZ', ^ x^<^l cflsflA^ ^Ssj-^cf. -^x^-^ 

oH'^i, 500 'C ^513] ^l^oflAi o^lHl cfl7) ^<^^^ 800 1000 "Csl ^JES. ih^^sM A 

-i-.?. ^<Jv!|<*| ] :0.40(a=0.'l0):0.e0(b=0.60)7l- 7.1)2:51- ji. Li-Mn-Co?ii 4^ ^2}-S(LiMn o.^o Coo.go 0 

2 )«• ^fla-v^^f^cl-. o]^^ Li~Mn-Co.--*jl 4% <iVs}-a- p KLiMn o.^o Coo.eo O2 *>^cf. 

Dl.^J-7>Alj?,, i:0.45(a=0.45):0.55(b=0.55)7l- S]£S. ;^l5t^>:a Li-Mn-Co^l 4^ -y-s)-!- (p 2(LiMn 0.15 Coo.sr, 0 
2 )S. Sl-.u, 1 :0.475(a=0.475):0.525(b=0.525)7> ;Hl^5l-Jl Li-Mn-Co7i) a]-3}-# cp 3(LiMn 0.475 Co 

o.-.2r> O2 ).=?- Sfol. i:0.50(a-=0.50):0.50(b=0.50)7]- sjE.^ ;«fl2:S>31 Li-Mn-Co:^l 4^ t^Sj-l- cp 4(LiMn o.so C 
o,,so 02)iL -oi!^^]-. 2^'?!:. l:0.525(a-0.525):0.475(b=0.475)7> >Hl3:*H Li-Mn-Co^^l 4^ ^5^-1- (p 5 

(!.iMn(,.s2r> Coo..i7r, O2 *KT2, 1:0. 55(a=0.55):0.45(b=0. 45)7]- SjS^- ;H]2:5>f>^ Li-Mn-Co;«^l 4^ Wl" 

(P 6(LiMno,r,5 Coo.i;> O2 )5. l:0.60(a=0.60):0.40(b=0.40)7l- ;^lai5>Jl Li-Mn-Co?^l 4^ -ttSl-i- 

<P 7(LiMnc.60 C00.40 O2 Sj-SJc^K 

Ef.?^. Li-Mn-Co^l 4%'- ^i^W <p 1, cp 7S] 31 ^ rfl^ i- ^sl-iS LiCoO 2 Li2Mn03-i-s^ AB.y\ t^^^lo] 3 

% ■?-ir-2i -s*^#<y ^1 XiSici-. Li-Mn-Co7fl 4^ (p 2 Oj^i (p esl sl^ ^sl-'a 

LiCoOjff-te LizMnOa^ ^ilHfe M-Eful-xl ^SJ:ai, a -NaFeOz^ t^2:(^^^s1 ^t- Si 

?iti-. 
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<a^,3«l- i-a. ^^S^al 92:53).?- ^o^^^-^-^ll- o]<^^A. <^<)=^^^1» "a-^i^l^ S. 

^l*!- ^^■'^l -4^^ "4 ^^-^ wl w7-i: 44 ^]-g-5H "-^^ ^ ^^^5. El# 
^i-g-*H, oil!-* 44 ^2:<^1 ^-g-sVi^ ^^^<=^] ■^i^^^l-sa.LilolEsl- cloll^?l-e^x.i)olE-. 3:731 

ul5L ^-^^ ■g-'=ll<>)) LiPFo* -8-^11 ^Kl ^dn^^-i: 7l)«j-^ ^.H ^Hl^sV^cf. ^<^] ^fl 

'J.-S- ^!*<^1>«-1 ^l-cfl ^^ofl cflsl-al 4.3 V7> ^ nfl^/M ^. >a-cfl ^^o)] cflsj-o^ 2.85 V?]- ^ nfl^?} 

Wl i-H;^l w7Sl 1-^ 1 g ^ -g-^(mAh/g)-i: tV#*].^ t}7]9] K 4<^] ^^7} 
^l-^l lofl 7)3, a-H 2:7] jL^-i" ^j-?) fi] 5 4'»11 M-Ej-vH :gu!)-7> SlSlcf. 



j o -rr 

ii 


1 1 

1 1 


(mAh/g) 


(V) 


^7] 




a 


b 




i — H 

1 w 1 


0. 40 


0. 60 




j 124.9 


3. 59 


92.8 


2^ 


w 2 


0. 45 


0. 55 




140.6 


3. 88 


96. 1 




!w 3 


0. 476 


0. 525 




144.9 


3.89 


96. 0 




w 4 

i 


|0. 50 


0. 50 




145.2 

I i 


3. 90 


96. 3 




! w 5 I 


0. 525 


0. 475 




144.8 

1 r 


3.88 


96.2 




! w 6 1 

^ 1 


! 

10. 55 


0,45 




1 141.3 


j 

3.87 


95.9 




i w 7 |0. 60 


[0.40 

1 1 


3>8- 


j 126.5 


3.62 


93. 1 

1 


2^ 



- 13 - 



-g-7lls.5| ^2002-0092212 



"il-A S. 45) ;M4^1^i ^VA^ ^-^1 ^^^^c>. ^, Li xMnaCObOzS. ^Ef^lfe Li-Mn-Co^l 

ait b7il'>l 0.45 ifl^l 0 55£q •^^'H nHfe «o>-^ -g-^, «J ?! ^-g- ^"Jj-, ^7) f^»i>-^ Jl-I-oI ^31 ^ 
i?iSl Q -NaFeOz^ "a-^-l-^c! LiCoOj ifevr Lig MnOj M-Efuf^l "S-a^^ ^AB.S. 

sfjEV^i: uj-^ 3;->yol -gol^,4. aSt 5? b2l:<»l 0.45 x^fl^l 0.55^ 'g^]* iaJj-el-'^ *JJ-^i -g-^. 'Jj"^ ^-i- ^"JJ-. 

uhxl -g-e^, n}.;j1 xl-g. .-^oj._ ^h^v^j j^^o] ^gzl-^cf. 

ctKM, a^^J: ^ 0.45<a<0.55, 0.45 <b.<0. 5571- ^^o^^ %2.7\ Sic}-, o] ;^ o-. oj-f- ^7 

o)| 'si-el ^r}. -^I uJl&oil, LixMnaCobOa^- SAlsjir 1-^^ SJt^ 1.1 ^j£7> 

^olSl 0.9 '^l-a-* ^ta-ol-cl-. <^7HjAi 0.9<x:Sl.Io| s^^jsj-fe- ^o] uf^ajcl-cf. 

8. Li-Mn-Co7ll ^'S-<:M-i-(LixMn,Co,,iVIc02)2l-^ ^cj^.e^ ^.g. 

^-ti-s^- i-lli- tlSl- 'g-^h -tVs^- Sl^^Jb.^ 7\^^i,v\-c^] %-n^]9A ^, -^^IrM^- 1-H171- 2:1:1^1 5\ 

sH 0.02 ^A^-^^ -^7FsH ^. 500 'C ^:s.^ ^■&</[]^^ i^a^f^^. ^, ifl?) #0)]^^ goo ^'A 
1000 r^; , & .-ii^^Si-si, i^l^V^ Li-Mn-Co7il ^-}-«(LiMn 0-19 C0049 Tioo2 O2 )!■ ^12:5H "S^^ 

(1) ^aHJ c) 

'4i'l t^l ^flS€ -^fl^^ -t^,^ 1-^ 3 ^ 3L^^^.^^ el#(LiCo0 2)-a-, ^'K'^hI 80:200] ^fj-sj-cx) ai^v o}:^ 

i-i^ltiV >'.lli£b-Ka. o] ^-^ ^J^-^ %-4.<^\ e}-^ £^1^1-1- ^a^^t^ -i-'il, ^^u) 92:5).?- ^7^5^Jl ^ 

<^M^-!--#'^ll ^^t4-1- -•r.-^lT^] l^v 711-1- <|]7g6+ «1^(<^11. 1-.^.. ^e^tul 97:3)5?- "^o^^^^l* ^fl^-sV5Jcf. ^1 

^1^1. o| fj xfl^f •i}:-f-^l-v;- '^-g- ^.^sl-fe -^t^ ^^l^fl <?>^.oii ^s.^\c^ ^-zhs>ji :?ii£Al?l ^, ^i^^sj ^7,\\s. <a-<g 
*H 15 ?J- ;<)]^.^->9jq. ^o] 7fl2:^ o^-:^.^ ^^Hl gal -^f^- clS. §1-^4. 

(2) ^Aic^i 10 Lfl;^| 12 



-i-J-a-^^ t-l-sj ?_ho| ^)|^.^ oj:^ 1-^33]- elf-1- ^^Hl 60:40^1 slJ£-^- -SfhsM -y^^ -g-^ 

3:. *v ^! oii^n- A^-^^j. ^jAHi 954 -i-'y-si-Tii ^iss-VzL ^AHi 10^ <y=-:^ c2S si-^cf. °l-?l-7i-^i5^., 

^i^^r e ^ -S'-tH-a- iil#^ ^%=Hl 40:600] ^S■.^ 'y^^ -S-^S. ^ ol^^lfe ^ 

^l-^il 921- %-?J.*r7ll -Si-c:! ej:^^ ^]2-.*].:i; ^aH] uc] ^30..?. d>ojcl-. n].^r7l-;^ls., <g:^ ^a^ #^ (3 sj- s 
's>i?t<V li^w] 20:80'1 slSl^f ^^sfo] o^q. ^a^ ^ ol^l^ ^Ajo]] 92]- -§-<a5l-7fl s]- 

<^ 'y^-^* :<fli?^&l-:n. .^lAjo)] 12s] c4.?- el-SJcf. 



(3) wliiL'^] 4 



Al-^'ei ...ffi]. ^lo] xfli-;^.^ 'r^l:.::^. ^-^ 3 j]- i^i^flfif ^-^ -t-x] 7]) ^a}-^]!. "^^^V Hl#(o|l-i- -i-^. :a!g:U] 9 

2:5).?- *!-) €tl*l'>] <^.H-^^fl ^il3^5V5ilt^. oH'M. o] o.k^^^;^!! 4]-^*!: «V2> ^g-o^s^] ^, 

^1 ^L^-'-^^a-^il i---:- T-^]>^1 1^1-^111: 'a^d^^ wl-i:(°i]« ir'fi. ^^w] 97:3)5. ^^Sfo:! 'y:^^;^]!- ^fl^sV 

5!. ■a-'^SK-] 'if^-a- ^flar.«l-5acf. ojfi]. ^o] 5>al ;tfl^;a o,v^^ mjaoi] 431 oj:^ x4^- Sl-Scl-. 
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^-^^ 4r^L^ A ""^-^ cl vfl^l c4 ^1 X4-8- 4-g-%^2)- %k\<s^ ^^tl ^]-§-*H ^^^v uj-s). 

^isil^ ^hA Cl C4 ^ X4* AA '(flasl-sa'^. ^. o\%% 25 'OS] ^^7H]a^ 

500 mA(lIi)£] -t-^ ^i-fi-S. 4.2 ^^SfH, 4.2 V i?.^ ^ofl -f^ ?i^-7> 25 mA o\^\y\ € "^^Ml 4.2V 

'Sih -^^tV lO-gr?! ^6^^-1*1-:^ 500 mA(lIt)Sl ?iff-.§L «o^;fi ?l<y-o| 2.75 V7> ^ ^V\A ^^^^\^\t= 4.2 

V-500 mA ^j^^^^-^^'?J■ 500 mA ^<fl^r «<J-d i- 1 ''•V'^l#5- sVfe ^\<^% ^\'^% ^^^<^ A 

•i'^fi ^-^>*)x 100 ^S'l-'a £ 3^1 i^-EfHB sisicf. 



(LiCo02)<^l -%'A^\ Li-Mn-Co;^) -yri^KLiMn 0.^9 C00.49 Tio.02 O2 )<H] ^7l-5l-fe 5L 



H:.%h <»M- n^'-l-iil Cl ^41^1 C4 ^ X41- ^^l7lc]]xi 500 mA(lIt)Sl -f-^ ^fr^- 4.2 Mv\A 4. 

2 V ;£Vl ^-i #?i 25 mA <^\ i\y\ -1 cfl;?}^! 4.2 V ^^^^Si" f^^^V ^, 60 'C^l &^7)o)1a^ 20*a<l :a€^sl-51 

A. iiL€- -fi^l 4 500 mA(lIt)^ 'i'-^l ^l-^T-3l f^S 2.75 V7l- ^ nfl^]-;^! aj-^^l^# nrfl^ ^1 

7j;.9.i?.-f-yVl ^-o] «K-jj ^-3->:EI ^iS^ WJ-^ -g-Sg^o)] cfl6V Ul^. -75fa^ ^.^ o.^,^(^^)^ 5l-7| 

-8-=^^^t| A% T-^Ks -g-^ a^4i4-(%)^ ';k%'A^ ^\y\^A S 5<H1 i-ftf^S A^ ^^7)- sisi^f. 
Hi?V, -SL^t ^1- ^d>^i2| -'v-^li^i^ ^7] l-(jic- ?i ?f ^d-l-i! -^f^ll-^il vfl^v li^. ^. ^^^13^ ^7l-^)S.-¥-El ^^1 
fH-t-sK^ -a-l-7lia^ iL 5=>]1 M-eI-hH ^47f --^^Sic}.. 



Bi?l-, oil- :?|zi-s^ xlx] Cl 1-1!:^! C4 % X4» -^^ii^ ■S-^7l<HlA^ 500 mA(lIt)2^ 4.2 V^'}^! %^A^, 4. 

2 V ff-'g- ^-o'l ?i-v?-7]- 25 mA <At\y\ % ^V\A 4.2 V 'g^d'y- -f-^-tfVjl '"S^l ^'^i<A 2.75 V7> ^ nfl^/l-xl aj-xlAl 

-"?Sfi .¥.-;?f 'd&i tj,"-'-:! -g-^"lj 'fl?} =^A'^\ 3l-S;#(%)-a- 'L^t-5^"il 51-71 IL Sol) M-Ej-vfl uj-fif ^X!)-7l- 

s]SJt:f. CE?!:, Jsl^ A *7hg:(;a.^ A. A "^A^ -r^]<Hl ufiSt ^ ^^fls] f^7l-^)S.-?-El ^ 

^V#5l'g sK'lel It 5-^1 AA^ AA ^e=S% 1^47)- ^'AA. a^J:, *l-7ls; a 5«»fl^ «liao^l 2s1 «a=^ % 
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^c-^'l .S- 5^i1 !il->l^^i. X4'i!- -^1.-1 CI ^fl^l C41- ti)H5]-iS -^?-'^*!: "1-4 ^-1 Li-Mn-Co^l 4^ 'i}-5l-l-(L 

iMno,i9 C..o,,s Tio.o;; 0. )it Vj-5;- -^^L a)-^®)--^- ^ licf V: (S^7loll el#(LiCo02 )^ ^7l-s>o^ a>^s]-^ ^o] 

500 -^-i-i f^i^ -ff-^l^, 4.2 V -t-?i ^-^^ Ji^- 4-^1 -g-^'= ir^^l^, g-^ -S]^-!:. €^1 =1^'-^. 2.75 V 

-^S-^ 514-1:, ^1^1 ^-^ fso] ^^v\] ^i^^Sjfc- .51 -a: t- ^t!-. ^^^-^ ^^1^^ Li-Mn-Co^l 4^ 
5-^.-(LiMt;3.r, Coo.s 02)<>)1 ^'-fi-.^^V c1#(LiCo02 )o] -si^fs] t^^^s. 2 %S:.)S\^ ^^7] S. 5^1 

Li--Mn-(: >^ <-isl-i-(LiMno.d9 Cou.,9 Tio.02 O2 3t:^Ai. jCoOj )c] ^7h^l ^o] 500 Aj-o]^ ^oj 

-§■■%'■ -fr-lt.:, 4.2 V f-S :f .21 g-P^ -?r^-l-^, -g-^'^ s)^-!:, ^i^l ^^'-i:, 2.75 V tg"^ ^-^^ -§-^ 2) 

-S,-^r. ^i--*] ■"..'■'-ll S.?- -f t-*!- ^l-a- ^ ^Ui^-. <^I^-&, Li-Mn-Co ^1^ ^-^^ 1-^ <a^» Al, Mg. Sn, 

9. <*'lf^ ^.■i(M)S] '11 5i 

^^•ttSI e)-'t. ^bSl- °o>-?i-, 'tbSI- s"?!:?!* yy^ ^.ufos] .'f silAi-y 4-.. --aj-^i. aj-sI- '■iJ-^^Vjii. avs^ 3L»^3.s\s\ % 

« >•)• ^-tHI!--?- -tLKl-sM 1:0.49(3=0.49) :0.49(b=0.49)-4 ^^^--^ -§-^-1- Jtfl^srl-^cf. oIo^a^], o] 

ai-ovjoil o]f- ^4:.(M)1- tl-sl-Si- ^^-^ Si^m.^ ^A]-^ "Jh-Tlel 1-«]<H1 cflsl-^ 0.02 l-%7l- 

fl^l-sHi .vitHV 500 "C^j.^-el x^-?-fHlA-^ .rflH] ^.A^isl-^Jc^-. o] ^, c}|7l f 800 1000 "Csl ^fcA^s]- 
yAhi L.i 16S! 9VAj -S-^aCLiMiio.^u Coo..,9 M0.02 Og )y , S . 2 , ^ ♦ "^Sici-. 



-/ijdfsfiA-K oni^- -g-.-j Y , 5 . 2 , ^ ^"a-H^V el-i i: ^^o^Hl 60:40o] ^W^l "^o^^^ «- 

^% -■^llaj.ij-i, o] -^v^^ o,f--f -g-2)oil El-i-. ilAl.xfl.!. <M:^-.ji. u].§-(c.|].i: ^i-^, ^^u] 92:5)5- ^7>5l-:a ^^sV^^i 

^^i ^:rV^-4 fx± --r^l^^l 'll 'ft <^l t -fr'>l 4.'^^^] 97:3)5. 7\]3z^<^A. '^]^^^. ^1 

e. f. g-a- ^lli±s>S3'4. 
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Si, "1?- -^^f-^'nyiM)-^ ^}^-^r zi-g ^Aloi] i3o| (LiMn 0.-19 Coo.« AI0.02 O2 )5. Sj- 

•^}zLx^^{Us)^ ''-K--?]: 5} -a- ^.^1^1 14 '^o^^ ir^: 6 (LiMn C00..19 Mgo,o2 O2 )S. ^^(Sn)^: 

^Uy^- -51 -^.^1^1] 15^1 oJ^H^ 1-^ £ (LiMno..i9 0.03,13 Sno.02 O2 *]-^ ^SL^(Zr)% ^}-%-^ ^^I'^l 
16i5] '>^^- ^ (LiMno.ds C00..19 Zno.02 O2 )S. HhScj-. 



^l-^rH. »M ^iS-t4 ^I^^ d, e, f, g«; -l-§-^2|- -S-Alol]. ^V#TL^ ^-g-a'H ^^^^ »M ^Wn] 

ti\^r "Ann -^l^l- ^i'-^l D. E, F, G* oji-a: ^€r(^} 25 "Oil] ^?]7lo|lAi 500 mA(lIt)2^ ^xj ^s. 

5-- 4.2 V^/>-<] -f-^d-ot-J-, 4.2 V 3:j?_«.El -f^?] >«i^=r7} 25 mA <^]^7} ^ icfl^^j-xl 4.2 V ^^^'^^ ^, 10^^}- 

f^x)5]-Ji, 500 mA(JIt)."-^ «o--tl ^^frs. t-a -t'-B. '^^^o] 2.75 V7) ^ tf,|;7]-^l 4.2V-500 mA ^j^lil— 

•y- f'^i ?4 500 mA ?lfr ^o'-'Jl-a- 1 ^l-H^-?- ^]^^ 'i}:^t}c^ m}:n. 500 -g-^^ ^ 

500 AlO]^ JV-iO^ ^Eg: 0-(^^: -H-Xl #(%)=:( 500 Afoj-i- .*-0^ Hj-^ ^^/l A|.Ol§ ^LOj -g-^)X 100 %) 

-47"|p-l s. 6o\\ ^^-^y -l^y} £1^^. 



^i-^Sl ?i-<l D, E. F. G* -^^.-3] ^t^7]o(\A] 500 mAClIt)^ ^^=^5L 4.2 V^'j-^l ^^^}JL 4.2V £^ 
-f-^i 25 tuA <il*l-7)- -1 n}1^7M 4.2 V ^j^a^il" ^ 60 "CS] ^^7loi)A^ 20*^^ a.€^5fSScf. 

^^•-1 500 mA( «J---5i <Ein=r-?- "^t^ ^S. ^^^<^] 2.75 V7l- ^ nfl7>^l wj-^A]^^ i^jo] aj-;^ a1^o.^.»JL 

El _y.ff -^'^l ^[i-^i -S-^S- -76-}^^ T-l^ -^h^i ciitl- Hl-a -7b-l-.-a ^-^ -f^;.]^(%)^ s}7l^ s eofl 



SivK ^-^lii- D, E, F. Gil: ti^fi^l g-'?] 7] ofl 500 mAClIt)^] ^f-.-x) ^d-fr^L 4.2 V^'V^l ^:^S}JL, 4.2V S. 

-f .xl ;.>l^l-.7)- ;>5 mA <:'l*l-7l- -t 4,2 V "ij^!.'?}- -t-'"?i*f:ii €^1 ^<a-<^l 2.75 V7l- ^ nfl^]-:^! "^IJ-^aI^ 

n-5l-.3l ^ts] '|}^ -g-fHl ffltV 7o|^ ■§-^0'= ^V«r*>^ 51-7)5-) s. 7<H) q-El-^fl hI-s}- ^-8- ^^7)- 

H^-ic^, i£..?V :f,e^ z] ^7.]<y\ ^7}^-{M.^ a) z)- -r^l'*)) ^^^^ .a.^ ^s] ^y?\]o:\ ^7}-§:)sL^Z] 

'i'^-!-&( a)tfl^^!)-i: tl ^sfi^ *)-7)ol i 6'>i) M-E+'^di a)-2} ^^"+7)- S):?^,4. >£^-, Sl-7)o) 5. 6oi)^ ^;^) C2 ^ 

^!^1 A2S-1 2;!i!>5;i ^vc) 1.1-tq-tH.ri $Ic^. 
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^(■7] (:v^:i Sloi^l, -^d-l A2S1- li^l C2. D, E, F, Git '-'1:iV.?:.-l'£! -2-'-1«V Hfil- -^o] Li-Mn-Co>^l ^'S" ^VS)- 

-i.(LiMno,f Con.G 02)"=^] ii'-^^Stt; £l#(LiCo02 )* ^Wc^ -^l-g-*l-.^l -S-Cf^r o]^- M(A1. Mg, Sn. Z 

r. Ti)-'?. ^^if^-Vl Li--Mn-Co^| ^-1]- W#(LiMn 0..19 C00.49 M0.02 O2 iSL^^H-il" &l-i-(LiCo02 

3.1. .^:*}f|-o] ^l^-S}^ ^io] 500 ^S] -g-^ fr^li-, 4.2V ^-sL -g-5g= -{f^l^. -g-^ ^x] 

2 75 V 'S-Ja;. M€? ^-^^1 -g-^ Sj-y-i:, ^^^^o] £^ -g-AjoU ^tAj-sji-- oj- - o;ic^.. c,]^^ l 
i -Mn-Co'^i W-Sr ^6- '^^f* Al, Mg, Sn. Ti, Zr ^s] o]^^ ^J.-t(M)i>l ^3^5] ^^^^Jl- 

S'^.^K •il^= M(AK Mi;. Sn, Zr. Ti)S. .^]-$}'§ Ll-tvln-Co.^l tl-^l-(LiMn o/,9 Coo.^9 M0.02 O2 )<^] 

. ^'l i' Ni, Ca. Fe -^^ r^-^- cflsflA-l^E -^d £ §1-5^^1 -g-^^ -fi-^l t-^- ■<|>-^J^^] -7i ^ JLSj-fe <?J'Ss)xl 

^^!Sb-4. -^I ;]-;.^ r^i^it -v-s^ ^lefl^r I'g ii7]oi] j?.x^|.7} xi5^.7l u|)^o]?4:ii 'A^-^^, Li xMn«Co„ 

M,02-^. ^El-i^li:- ?>^d #--§31 xsJt-S- 0.9<X<l.lol S]H-^- aSi: IS b SJr^ll^lfc n^l" 0.45<a< 

C.55. 0.4'' <l!<0.55.-4 fVA^t,,.j37 SE^ o]-^- iAl.^(M)3l-^ AL Mg, Sn. Ti, Zr # o-jii si-i-f'^l^i -^d^'^ 

'^i>l'i -'-l. -c:-*?!- <a=^ C^-'s' S-^ 3 *- --li^:*!---- ^^ol) a^'H^l. LixMn,Co|,Ti,02>'> x:a:b:c=l:0. 495:0.495:0.01(3 
H i>+c-?i)0):^l sJSL*} :<il;r-?!: -g- <a=^ -g-^ g KLiMn o.„95 Coo.,i9r, Tio.oi O2 )S Sj-Jl, x:a:b:c=l:0.490 
:(). -190:0. 02l a-hb-l-c = ] .00)71- ^lii:^-]: ii!* -gr^ 3 2(LiMn n..i9o C00.49,) Tio,o2 O2 :'S-#t!: 3 ^1- 

-?.^'aD)-^: Si:ri, v;f,:|i:c:=-. j;r,. 485:0. '^85:0.03(a + bH c = l. 00)7}- £].ViS. 3 3(LiMn o.-i 

9< Cco.'.a,, Ti,;.,,3 O2 rKi^. x:a:b:c=].:0. 475:0. 475:0. 05(a+b + c = l. 00)7}- S|7)l .^liS?}- 51-3: 3 
4(LiMno.,7-, Coo.-./ii Ti ,.05 Oa)-?- smI, x:a:b:c=--l:0. 450:0. 450:0.10(a+b+c=1.00)7> SjS.-^- ^fl^^ <a:^ 
-tJ-^^ #^ i3 5(LiMno.-,r,) Co,,.^r,, Tio.,o O2 ^t^cf. 
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ml-s-V^W.^., -^^i). cr.^ ,^ A. 7fli^^ofl sIojA-i, LixMn,CobAleO2>'>x:a;b:c = i:0.495:0.495:0.01(a+b 

■i-c=^\O0)n ^3,^ ^-Sr ^^ ULiMn oAOn Coo,,95 Alo.oi 02)sL ftl-JL, x:a:b:c= 1:0.490:0.4 

90:0.02«.:!+')•^c=a.0i)>7^ slji^.-ii;- ^l.r^^V >;lfr -g-^ Y 2{LiMn o.iao Coq.iso A!c.o2 02:-^-^^^ y ^4 

x:a:b:c=::0.43?:0.-185:f^03(a+b+c-1.00)7V sjsi-s- 1-^ Y 3(LiMn 0.190 C 
o-.,,..,-, Al,.,3 Oo )-?- <f]-.31, x:f.:b:o-]:0.47.5:0.47.5:C..05(a + b + c-1.00)7l s-\?\] ^]2z-^ ^J-i- oj:^- ^ 4(l 

iMn„..i75 Coo.:7,5 My.cs Oj ).sl ?il X'., x:a:b:c^i:0.450:0.450:0.10(a+b+c==1.00)7> slS.-^ ^Sz^ ^1- % 

Di->\V.7]-.v,j5! , <y:^[ 5 -g- ^l^.^^h^^] Li >:Mn3Co^Mg,02 7f x:a:b:c=l:0.495:0.495:0.01(a+b 

+ c = iOO')7]- ."iiS.-ff ^1^- ^-4 6 KLiMn 0.495 Coo/,95 Mgo.o, O2 )S. t}JL, x:a:b:c= 1:0.490:0.4 

9!J:0.02U-bfc-1.00)7i- '-Q^^ -g-^ 5 2(LiMn o.^oo Coo.,90 Mgo.02 Oz-"^^^ 6 ^ •g-'M 

*| ).v. Sly.. .<:a:b:c=l:0.485:0.435:0.03(a+b+c = 1.00)7h Sj£3. .-^j^^ oj:^ ^^^1 g 3(LiMn o.-iso Co 
o. c,o M:^'..-? Oz '-tL •'•i Jl. x-M:b:c-l:0.475:0.475:0.05(a+b + c-l 00)7)- 5^5:.^ :5j-g- -^J^^ ^-^ 6 4 

(LiMrio.-i':.:, C00./.7;-, Mgo.os O2 sfJ'., x:a:b:c- 1:0. 450:0.450:0.10(a-rb+c=l. 00)7} s]£.^ :^\^^ ^-t- <y= 

^ 6 cKLiMn 0.-150 C00...10 Mgo.,,- O2 )3L 

S'-l?}. '4 11 S:^^ ^4 Q 1 aix] ,3 4. V 1 m1.^,| y 4. 6 1 Ml^l 5 sfl^^ ^-a-j-'g LiCoO Li2MnO 

#^ 5, V 5. 6 .'■^^'1 X-M i4111-g- ^S-)-^ LiCoO 2iE-^r UzMnOs^&l 3] 3.7} McfM-fe S-^i-Sl -73^5] ^ 



olojA^, f .^5 4 <\^^ m-^ ^-z] 3 1 Mix] (3 5, Y 1 ^H^] Y 5. 6 1 vflx] 8 51- A}^t\cx] aJ-^.^ aj-fi]- -S^ojsl-Tl) ^ oj:^ 

III M]-] H5, II ^■'•] 1.5. .Ut^-q J.-rl- 4^1- ;fll,-?.;5H!4. o|Q|. ^J-o) xfl£S:£] z\z}9] ^;^) Hi x^jx] H5, II 15, Jl . 

J5-1 SbSiCi^ 25 X:)£l -a-^7|o|)A^ 500 mA(lI-)i->^ -fr'-Jl ^i-ff-S. 42 V?}?^] f^^isJ-Jl, 4.2 V 
?l-il-7]- L") rnA o\-^}y} ^ al).7l-7.] 4.2 V >^^'^^ ^-^m -T. 10^-<1 ^^M^, 500 mA(lIt)fi1 Wc)-^ ^^r.S. »?J-^ 
^^1?!'^] 2.75 V7l :t a1l7/].x] Hl-^^iA]^ sl-tj-A} icHl 7]2:*H ^-.^l ^-^S"^ ^-i:* ^t}^. t}7]$] K 7<^ M-U)- 



-y-iv^l '--'l^a- -a-o) .?J-4rl ^d-x] HI xJ^.y.\ K5, il M]^] 15, .11 vflx) j5l- ^grC^ 25 'O^ ^^7]^]^^ 50 

0 .T.A(l.lt.)?-) -t^ -^Inl-fA 4.2 V^^V'^l 'W-^dslJl, 4.2 V ^'^t -^B:] ^i-T?-.7V 25 mA ^l*]-?!- ^ nfl^7>x] 4.2 V 

t^i^'i -^f , 10-S>?r Jl, !3(")0 niA(lIt ,) i^-l V-rJi «o'-?i ^-S. ;£i'?J-o] 2.75 V7l- ^ ntl^yl-x] «J-^a1^ 4.2 

V-500 mA '<f?i4f->^ ?i-ih g^'J Ml 500 mA 'l!^i4T "Jtl 1 sj-fe A}olff a]^^ «l-^-5l-c^ ^sj-Jl 500 ^ 

ol-lf -toj .g.;^]: -a- ^1^(500 A).o].yt ^o] wj-^ ^.^/] A}o]g- Jf.<H ^^^^ .g.^x |oo %)-§- -y-t}^ ty7]9\ S. 7'Hl M-l4sH 
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